Experimental section

General
Manipulations of the complexes were performed using standard schlenk techniques or in a dinitrogen filled glove box. 1 H and 13 C NMR spectra were recorded on Varian 400 or 200 MHz NMR spectrometer. Signals were referenced to the residual solvent signals and given relative to (CH 3 ) 4 Si. Nicolet iS5 FTIR spectrometer. IR peaks are given relative to each other as: s: strong, m: medium, w: weak, vw: very weak or sh: shoulder. Cyclic voltammetry was performed in 10 mL solutions of 0.1 mol/L nBu 4 NPF 6 in MeCN or THF with a complex concentration of 0.5 mmol/L in a dinitrogen filled glovebox. A two compartment setup was used, with a 3 mm glassy carbon working electrode shrouded in CTFE plastic and a carbon rod auxiliary electrode. The Ag/AgNO 3 (1 mmol/L in 0.1 mol/L nBu 4 NPF 6 in MeCN) was separated from the analyte solution using a vycore tip in a separate chamber. The potential was controlled with a BioLogic VSP-300 potentiostat. The Cp 2 Fe +1/0 couple was used as an internal or external reference. Bulk electrolysis experiments were conducted at 1atm CO 2 pressure in a glass 2-chamber Hcell. The larger chamber contained the working and reference electrodes in 40 mL of MeCN with 0.1 M nBu 4 NPF 6 and 0.5 mM catalyst. The second chamber contained the auxiliary electrode in 21 mL of MeCN with 0.1 M nBu 4 NPF 6 . The two chambers were separated by a fine glass frit. A 6 cm × 1 cm × 0.3 cm glassy carbon plate (Tokai Carbon USA) was used as the working electrode, about a ¼ of which was submerged in the solution. The auxiliary electrode was a piece of aluminum foil about 10 times larger than the working electrode (99.997%, Strem). The reference electrode was a Ag/AgNO 3 (1 mM)/MeCN reference electrode separated from the solution by a Vycor frit and contained 0.1 M nBu 4 NPF 6 . The Hcell was prepared with degassed solvent in a glove box with MeCN that had been dried over activated sieves. The solvent was sparged on a Schlenk line with CO 2 for 10 minutes (both chambers each) and then sealed before the beginning of the bulk electrolysis experiment. The electrolysis was run for 1 hour (-2.5 V vs. Ag/AgNO 3 reference electrode), after which time the head-space was sampled with a gas tight syringe and injected into a calibrated GC. Carbon monoxide and H 2 were quantified using an Agilent 7890A gas chromatograph with a thermal conductivity detector. Charge passed: 2.858 C, area/ppm CO: 500/1576, area/ppm H 2 : 46/negligible, time: 60 minutes, potential: -2.5 V vs ref.
Infrared spectroelectrochemistry was performed in a 0.1 mol/L nBu 4 NPF 6 MeCN solution with an analyte concentration of 0.4 mmol/L using a cell design described before, 1 containing a Ag working electrode, a
Pt auxiliary electrode and a Ag pseudo reference electrode. Cyclic voltammograms were recorded, to determine the reduction potentials against the pseudo reference electrode. An appropriate controlled potential was then hold with a BioLogic VSP-300 potentiostat to record the FTIR spectrum using a Thermo Scientific Nicolet iS5 FTIR spectrometer. Microanalysis were performed by Midwest Microlab, LLC. bipy-Mo(CO) 4 was synthesized according to a literature procedure 2 and was recrystallized from a THF solution layered with pentane and washed with THF/pentane (1/4). Solvents were obtained from a commercial solvent purification system. CD 2 Cl 2 was used as received as 1 g ampullas, which were opened in a dinitrogen filled glovebox. CDCl 3 was degased by freeze-pump-thaw cycles and stored in a dinitrogen filled glovebox before use. THF-d 8 used for the reductions was stirred over Na, filtered and stored over sieves in a dinitrogen filled glovebox prior to use. nBu 4 NPF 6 was recrystallized twice from ethanol and dried at 120 °C in vacuum. KC 8 was prepared using a literature procedure.
3 12 CO 2 was passed through a P600-2 VICI CO 2 gas purifier prior to use. All other reagents were purchased from commercial sources and used as received.
Synthesis of
Ph
PMI:
N N An oven dried 250 mL flask was let cool under N 2 and charged with ~100 mL of dry toluene, 2.6 mL (2.8 g; 0.023 mol) 2-acetylpyridine, 2.2 mL (2.2 g; 0.024 mol) aniline and a spatula tip of p-toluene sulfonic acid. The solution was then refluxed under N 2 for three hours, using a dropping funnel filled up with dry toluene for the azeotropic removal of water. The solution was let cool to RT and the solvent was then removed using a rotary evaporator. The remaining oil was then heated up to 90-100 °C under an oil pump vacuum over night, using a distillation head for the distillative removal of remaining starting materials. Cooling the residue to RT under vacuum led to solidification. The orange solid was then extracted with dry pentane, which was placed in a freezer at -35 °C for crystallization. 6 ] suspended in 19 mL toluene in a schlenk flask in a N 2 filled glove box. The flask was taken out of the box and equipped with a reflux condenser under a dinitrogen atmosphere. The suspension was heated up to reflux under N 2 for 16 h, upon which the solution turned deep violet. The reaction was allowed to cool to RT, was then filtered in a N 2 filled glove box and the filtrate was evaporated to dryness. The violet residue was washed six times with 1 mL of pentane and then dried in vacuum. The raw product was the recrystallized from a CH 2 Cl 2 solution layered with pentane, leading to 109 mg (0.27 mmol; 69%) of violet/red, crystalline Ph PMI-Mo(CO) 4 which were washed with five times 4 MeCN solution to 1.055 V at 100 mV/s.
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Tab S1: Summery of the electrochemical properties of Ph PMI-Mo(CO) 4 4 in MeCN against the square root of the scan rate (forced through 0).
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Synthesis
iPr2Ph
PMI:
The synthesis of the ligand iPr2Ph PMI is known in the literature, 4 but was carried out in a modified synthetic route: A 250 mL schlenk flask was charged with 150 mL of dry toluene under a dinitrogen stream. 2.0 mL (2.2 g; 0.018 mol) 2-acetylpyridine, 4.0 mL (3.8 g; 0.021 mol) 2,6-Di-iso-propylaniline and a spatula tip of p-toluene sulfonic acid were added to the flask against a dinitrogen stream. The flask was equipped with a dropping funnel filled up with dry toluene for the azeotropic removal of water and a reflux condenser and the reaction solution was then refluxed under dinitrogen for 15.5 h. After the reaction was cooled to RT, the solvent was removed using a rotary evaporator and the remaining brown/yellow oil was further dried in vacuum. The crude product was then recrystallized from boiling methanol, giving 870 mg of yellow crystals, which were washed with methanol. Successive crystallization from the mother liquor gave a combined yield of 3.1 g (0.011 mmol; 61%) of the desired product. Spectroscopic data are in accordance with the literature. 6 ] suspended in 18 mL toluene in a schlenk flask. The reaction mixture was then refluxed under dinitrogen for 18 h. After the solution had cooled down to roomtemperature, the toluene was then removed in vacuum. The residue was coevaporated with 2 mL of pentane and then washed with 5 x 2 mL of pentane, followed by 3 x 1 mL of Et 2 O. The raw product was then recrystallized from a THF solution layered with pentane yielding 308 mg (0.631 mmol; 64%) of iPr2Ph PMI-Mo(CO) 4 PMI-Mo(CO) 4 MeCN solution to sweep potentials of -2.14 and -2.84 V at 100 mV/s. PMI-Mo(CO) 4 at 100 mV/s. 
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PMIMo(CO) 3 ]
2-obtained in the IR-SEC experiment (lower middle, red) and by chemical reduction in THF as MeCN solution (bottom, black) and as THF (upper middle, magenta) and THF-d 8 solution (top, blue). 
In-situ preparation and characterization of [
X-ray Crystallographic Studies
General
Crystals of the complexes 3 (CO 2 )]K") suitable for X-ray structural determinations were mounted in polybutene oil on a glass fibre and transferred on the goniometer head to the precooled instrument. Crystallographic measurements were carried out with MoΚα radiation on a Bruker APEX single crystal diffractometer operating at 100(2) K. Data were integrated using SAINT 5 and a numerical absorption correction was applied with the program SADABS. 6 The structures were solved by direct methods using SHELXS 7 or SIR92 8 and refined against F 2 by full matrix least squares (SHELX97) 7 using all unique data. All non-hydrogen atoms were anisotropically refined unless otherwise reported; the hydrogen atoms were placed on geometrically calculated positions and refined using a riding model. Details of the data collection and refinement are given in Tab S5 and Tab S6 and in the specific section below.
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Tab S5: Summary of crystal data and structure refinement for the complexes Ph PMI-Mo(CO) 4 4 (hydrogen atoms are omitted for clarity, ellipsoids are shown at the 50% probability level). 4 in the asymmetric unit (hydrogen atoms are omitted for clarity, ellipsoids are shown at the 50% probability level).
Tab S8: Selected bond lengths (Å) and angles (°) of iPr2Ph PMI-Mo(CO) 4 with standard deviations in parentheses.
Decomposed CO 2 adduct
The asymmetric unit of the crystal structure of the decomposed CO 2 adduct contains two coordinated THF molecules. Since the exact elemental constitution is unknown, two solutions were included here, differing in one H atom. Both solutions resulted in a similar good structure refinement (see Tab S6 ) and nearly identical bonding parameter. For this reason, the data were not deposited in the CSD, but were included in the review process and are presented here, since they provide additional prove for the C-C coupling between the CO 2 molecule and the PDI ligand. B3LYP functionals and the following basis sets: 6-31g for hydrogen atoms; 6-31+g(d) for carbon, oxygen, and nitrogen atoms; "All-electron triple zeta plus polarization" functions (TZP) for molybdenum 10 which was obtained on the basis set exchange website. 11 Geometry optimizations for iPr2Ph PMI-Mo(CO) 4 were performed using the crystal coordinates as the initial starting point. Using the optimized coordinates for iPr2Ph PMI-Mo(CO) 4 2-, symmetry was turned off by using the key word "Symmetry=none" in the input file and was necessary to obtain the ground state geometry. DFT predicted IR spectra were generated using the frequencies from the calculations using a step size of 1 wavenumber. A wavefunction stability calculation was performed using the keyword "stable=opt" on all of the anionic structures to ensure that no open shell configurations were lower in enthalpy. A broken symmetry calculation was used to obtain the alpha and beta spin manifolds for [
"[
iPr2Ph
PMI-Mo(CO) 4 ]
using the keyword "stable=opt". 
PMIMo(CO) 4 ]
-. Right: electron density from spin SCF density (iso value = 0.04 for molecular orbital & iso value = 0.004 for density). Hydrogen atoms have been removed for clarity. 
